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IMAGE DISPLAY SYSTEM AND IMAGE
DATA TRANSMISSION APPARATUS AND
METHOD THEREOF HAVING
SYNCHRONOUS DATA TRANSMISSION
MECHANISM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1image display system
and an 1mage data transmission apparatus and method
thereol having synchronous data transmission mechanism.

2. Description of Related Art

Some consumer electronics products, e.g. smart TVs and
smart phones, become popular since these products provide
various types of entertainments. As a result, the performance
requirement of these products becomes higher and higher.
Take the liquid crystal display (LCD) television as an
example a panel havmg a larger dimension usually offers
better viewing experiences. Therefore, televisions are gradu-
ally developed to have larger and larger screen sizes, e.g.
from 50 inches to 70 inches.

In a large screen size television, a multiple of 1image data
transmission chips are required to provide image data to be
displayed by different areas of the panel. However, such a
design requires the panel to lock the frequency of the image
data transmission chips so as to perform image data trans-
mission and display the image simultaneously. As a result,
an accurate synchronous data transmission mechanism 1s
necessary for the multiple of 1image data transmission chips
and the panel, to allow the panel to receive and display the
correct image data from the 1mage data transmission chips.

SUMMARY OF THE

INVENTION

In consideration of the problem of the prior art, an object
of the present invention 1s to provide an image display
system and an image data transmission apparatus and
method thereof having synchronous data transmission
mechanism.

The present invention discloses an 1image data transmis-
sion apparatus having synchronous data transmission
mechanism that includes a plurality of 1image data transmis-
sion circuits and a lock confirmation circuit. Each of the
image data transmission circuits 1s configured to transmit a
training pattern signal to an 1image data reception apparatus.
The lock confirmation circuit 1s configured to receive an
original signal having an original pulse width from the
image data reception apparatus, to generate an output signal,
such that each of the image data transmission circuits 1s
turther configured to determine that the image data reception
apparatus already locks a transmission frequency according
to the training pattern signal when an output pulse width of
the output signal 1s larger than a pulse width threshold value,
and to perform a synchronous image data transmission with
the 1image data reception apparatus according to a timing of
the training pattern signal. When a difference between the
original pulse width and the pulse width threshold value 1s
smaller than a predetermined value, and the original pulse
width 1s not smaller than the pulse width threshold value, the
lock confirmation circuit sets the output pulse width of the
output signal to be a lengthened pulse width, wherein the
difference between the lengthened pulse width and the pulse
width threshold value 1s not smaller than the predetermined
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value and the lengthened pulse width 1s larger than the
original pulse width. When the diflerence between the
original pulse width and the pulse width threshold value 1s
smaller than the predetermined value, and the original pulse
width 1s smaller than the pulse width threshold value, the
lock confirmation circuit sets the output pulse width of the
output signal to be a shortened pulse width, wherein the
difference between the shortened pulse width and the pulse
width threshold value 1s not smaller than the predetermined
value and the shortened pulse width 1s smaller than the
original pulse width.

The present mvention also discloses an image display
system that includes an 1image data reception apparatus and
an 1mage data transmission apparatus. The i1mage data
transmission apparatus includes a plurality of 1mage data
transmission circuits and a lock confirmation circuit. Each of
the image data transmission circuits 1s configured to transmit
a training pattern signal to the image data reception appa-
ratus. The lock confirmation circuit 1s configured to receive
an original signal having an original pulse width from the
image data reception apparatus, to generate an output signal,
such that each of the image data transmission circuits 1s
turther configured to determine that the image data reception
apparatus already locks a transmission frequency according
to the training pattern signal when an output pulse width of
the output signal 1s larger than a pulse width threshold value,
and to perform a synchronous image data transmission with
the 1image data reception apparatus according to a timing of
the training pattern signal. When a diflerence between the
original pulse width and the pulse width threshold value 1s
smaller than a predetermined value, and the original pulse
width 1s not smaller than the pulse width threshold value, the
lock confirmation circuit sets the output pulse width of the
output signal to be a lengthened pulse width, wherein the
difference between the lengthened pulse width and the pulse
width threshold value 1s not smaller than the predetermined
value and the lengthened pulse width 1s larger than the
original pulse width. When the difference between the
original pulse width and the pulse width threshold value 1s
smaller than the predetermined value, and the original pulse
width 1s smaller than the pulse width threshold value, the
lock confirmation circuit sets the output pulse width of the
output signal to be a shortened pulse width, wherein the
difference between the shortened pulse width and the pulse
width threshold value 1s not smaller than the predetermined
value and the shortened pulse width 1s smaller than the
original pulse width.

The present mvention further discloses an image data
transmission method having synchronous data transmission
mechanism used 1 an 1mage data transmission apparatus
that includes steps outlined below. A training pattern signal
1s transmitted to an 1mage data reception apparatus by each
of a plurality of image data transmission circuits; receiving
an original signal having an original pulse width from the
image data reception apparatus by a lock confirmation
circuit. Whether a difference between the original pulse
width and a pulse width threshold value 1s smaller than a
predetermined value 1s determined by the lock confirmation
circuit, to generate an output signal having an output pulse
width accordingly. When the difference between the original
pulse width and the pulse width threshold value 1s smaller
than a predetermined value, and the original pulse width 1s
not smaller than the pulse width threshold value, the output
pulse width of the output signal 1s set to be a lengthened
pulse width by the lock confirmation circuit, wherein the
difference between the lengthened pulse width and the pulse
width threshold value 1s not smaller than the predetermined
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value and the lengthened pulse width 1s larger than the
original pulse width. When the difference between the
original pulse width and the pulse width threshold value 1s
smaller than the predetermined value, and the original pulse
width 1s smaller than the pulse width threshold value, the
output pulse width of the output signal 1s set to be a
shortened pulse width by the lock confirmation circuit,
wherein the difference between the shortened pulse width
and the pulse width threshold value 1s not smaller than the
predetermined value and the shortened pulse width 1s
smaller than the original pulse width; determining that the
image data reception apparatus already locks a transmission
frequency according to the training pattern signal by each of
the 1mage data transmission circuits when the output pulse
width of the output signal 1s larger than the pulse width
threshold value, and performing a synchronous 1mage data
transmission with the i1mage data reception apparatus
according to a timing of the training pattern signal.

These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill 1n the art
alter reading the following detailed description of the pre-
terred embodiments that are 1llustrated 1n the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a diagram of an image display system
according to an embodiment of the present invention.

FIG. 2A 1llustrates a wavelorm diagram of the original
signal and the output signal according to an embodiment of
the present invention.

FIG. 2B illustrates a wavelorm diagram of the original
signal and the output signal according to another embodi-
ment of the present invention.

FIG. 2C 1llustrates a wavelorm diagram of the original
signal and the output signal according to yet another
embodiment of the present invention.

FIG. 3 illustrates a flow chart of an 1image data transmis-
sion method having synchronous data transmission mecha-
nism according to an embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

An aspect of the present invention 1s to provide an 1mage
display system and an image data transmission apparatus
and method thereof having synchronous data transmission
mechanism to perform accurate determination, by the image
data transmission circuits ol the image data transmission
apparatus, on the signal transmitted from the image data
reception apparatus. The synchronous image data transmis-
sion with the image data reception apparatus can be estab-
lished.

Reference 1s now made to FIG. 1. FIG. 1 illustrates a
diagram of an image display system 100 according to an
embodiment of the present mvention. The 1mage display
system 100 includes an 1image data transmission apparatus
110 and an 1mage data reception apparatus 120.

In an embodiment, the 1image display system 100 1s such
as, but not limited to a television. The 1mage data transmis-
sion apparatus 110 1s a circuit configured to provide image
data. The 1mage data reception apparatus 120 1s a panel
configured to receive and playback the image data.

Under the trend that the size of the panel becomes larger
and larger, the 1mage data transmission apparatus 110 trans-
mits a multiple pieces of 1image data (not illustrated) by
using different internal circuits to the image data reception
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apparatus 120 to be displayed thereby. Diflerent pieces of
image data correspond to different display areas of the panel.
As a result, a synchronous data transmission mechanism 1s
required for the image data transmission apparatus 110 to
perform 1mage data transmission, such that the image data
reception apparatus 120 receives and displays the multiple
pieces of 1mage data signals according to the correct timing
to generate a correct image.

The 1mage data transmission apparatus 110 includes a
plurality of image data transmission circuits 130A~130D
(abbreviated as IDT in FIG. 1) and a lock confirmation
circuit 140.

Each of the image data transmission circuits 130A~130D
1s configured to transmit a training pattern signals TPA~TPD
to the 1image data reception apparatus 120. In an embodi-
ment, the image data transmission circuits 130A~130D
performs 1mage data transmission according to a high fre-
quency clock signal that results in higher data signal tran-
sition frequency. In this case, the content of the training
pattern signals TPA~TPD includes such as, but not limited
to a long sequence of Os and 1s. Under the condition of less
frequent data signal transition, such configuration allows the

image data reception apparatus 120 to easily lock a trans-
mission frequency according to the training pattern signals
TPA~TPD.

After locking the frequency according to the training
pattern signals TPA~TPD, the image data reception appa-
ratus 120 transmits a signal back to the image data trans-
mission circuits 130A~130D, such that the image data
transmission circuits 130A~130D acknowledges a success-
tul locking of the transmission frequency. Subsequently, the
image data transmission circuits 130A~130D can perform
synchronous 1mage data transmaission with the image data
reception apparatus 120 according to the timing of the
training pattern signals TPA~TPD.

In an embodiment, the signal that the image data reception
apparatus 120 transmits back 1s a signal having a specific
pulse width. However, the channel between the image data
reception apparatus 120 and the lock confirmation circuit
140 may generate impulses due to the presence of noise. As
a result, 1t requires an identification mechanism for the
image data transmission apparatus 110 to determine whether
the signal from the 1image data reception apparatus 120 1s a
frequency lock confirmation signal or a noise.

In an embodiment, the lock confirmation circuit 140 1s
disposed 1n the 1image data transmission circuits 130A and 1s
configured to receive an original signal OLO having an
original pulse width from the image data reception apparatus
120 1n order to generate an output signal OUT.

More specifically, the lock confirmation circuit 140 1s
configured to determine a difference between the original
pulse width of the original signal OLO and a pulse width
threshold value, and to compare the original pulse width
with the pulse width threshold value. The lock confirmation
circuit 140 generates the output signal OUT according to the
determination result and the comparison result.

Reference 1s now made to FIG. 2A. FIG. 2A 1llustrates a
wavelorm diagram of the original signal OLO and the output
signal OUT according to an embodiment of the present
invention.

In the embodiment of FIG. 2A, the original signal OLO
has the original pulse width OW1. The lock confirmation
circuit 140 1s configured to determine the difference between
the original pulse width OW1 and the pulse width threshold
value WT, and compare the amounts of the original pulse
width OW1 and the pulse width threshold value.
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When the lock confirmation circuit 140 determines that
the difference between the original pulse width OW1 and the
pulse width threshold value WT 1s smaller than the prede-
termined value, and the original pulse width OW1 i1s not
smaller than the pulse width threshold value WT, the lock
confirmation circuit 140 sets the output pulse width of the
output signal OUT to be a lengthened pulse width EW. The
difference between the lengthened pulse width EW and the
pulse width threshold value WT 1s not smaller than the
predetermined value, and the lengthened pulse width EW 1s
larger than the original pulse width OW1.

Reference 1s now made to FIG. 2B. FIG. 2B illustrates a
wavetorm diagram of the original signal OLO and the output
signal OUT according to another embodiment of the present
invention.

In the embodiment of FIG. 2B, the oniginal signal OLO
has the original pulse width OW2. The lock confirmation
circuit 140 1s configured to determine the diflerence between
the original pulse width OW2 and the pulse width threshold

value WT, and compare amount of the original pulse width
OW2 and the pulse width threshold value.

When the lock confirmation circuit 140 determines that
the difference between the original pulse width OW2 and the
pulse width threshold value WT 1s smaller than the prede-
termined value, and the original pulse width OW?2 1s smaller
than the pulse width threshold value W, the lock confir-
mation circuit 140 sets the output pulse width of the output
signal OU'T to be a shortened pulse width SW. The ditler-
ence between the shortened pulse width SW and the pulse
width threshold value WT 1s not smaller than the predeter-
mined value, and the shortened pulse width SW 1s smaller
than the original pulse width OW?2.

It 1s appreciated that, 1n an embodiment, the lock confir-
mation circuit 140 can selectively set the shortened pulse
width SW to be 0. Under such a condition, the output signal
OUT 1s actually a low status signal.

Reference 1s now made to FIG. 2C. FIG. 2C illustrates a
wavelorm diagram of the original signal OLO and the output
signal OUT according to yet another embodiment of the
present invention.

In the embodiment of FIG. 2C, the original signal OLO
has the orniginal pulse width OW3. The lock confirmation
circuit 140 1s configured to determine the difference between
the original pulse width OW3 and the pulse width threshold
value WT, and compare the original pulse width OW3 and
the pulse width threshold value.

When the lock confirmation circuit 140 determines that
the difference between the original pulse width OW3 and the
pulse width threshold value WT 1s not smaller than the
predetermined value, the lock confirmation circuit 140
directly sets the output pulse width of the output signal OUT
to be the original pulse width OW3, no matter which of the
original pulse width OW3 and the pulse width threshold
value 1s larger.

It 1s appreciated that, in the practical implementation,
since the output signal OUT 1s generated by processing the
original signal OLO by the lock confirmation circuit 140, the
timing of the output signal OUT will fall behind the original
signal OLO. More specifically, the rising edge of the output
signal OUT will fall behind the rising edge of the original
signal OLO. However, in order to easily compare the
difference of the pulse widths, the rising edges of the
original signal OLO and the output signal OUT are 1llus-
trated to be aligned instead of being illustrated according to
the actual timings in FIG. 2A~FI1G. 2C.

Each of the image data transmission circuits 130A~130D
1s configured to receive the output signal OUT generated by
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6

the lock confirmation circuit 140, and determines whether
the communication 1s performed with the image data recep-
tion apparatus 120 according to the output signal OUT.
Since the lock confirmation circuit 140 1s disposed in the
image data transmission circuits 130A, cables are required
to connect the lock confirmation circuit 140 and the image
data transmission circuits 130B~130D for transmitting the
output signal OUT.

In an embodiment, each of the image data transmission
circuits 130A~130D 1s configured to determine whether the
output pulse width of the output signal OUT 1s larger than
the pulse width threshold value WT.

When the lock confirmation circuit 140 generates the
output signal OUT having the output pulse width that 1s the
lengthened pulse width EW, as illustrated in FIG. 2A, each
of the image data transmission circuits 130A~130D deter-
mines that the lengthened pulse width EW 1s larger than the
pulse width threshold value W'. Fach of the image data
transmission circuits 130A~130D further determines that
the 1mage data reception apparatus 120 has already locked
the transmission frequency according to the traiming pattern
signals TPA~TPD. The image data transmission circuits
130A~130D further perform synchronous image data trans-
mission with the image data reception apparatus 120 accord-
ing to the timing of the training pattern signals TPA~TPD.

When the lock confirmation circuit 140 generates the
output signal OUT having the output pulse width that 1s the
shortened pulse width SW, as 1llustrated in FIG. 2B, each of
the 1mage data transmission circuits 130A~130D determines
that the shortened pulse width SW 1s smaller than the pulse
width threshold value WT. Each of the image data trans-
mission circuits 130A~130D further identifies the shortened
pulse width SW as a noise, and determines that the image
data reception apparatus 120 has not yet lock the transmis-
s1on frequency.

When the lock confirmation circuit 140 generates the
output signal OUT having the output pulse width that 1s the
output pulse width OW3, as illustrated 1n FIG. 2C, each of
the image data transmission circuits 130A~130D determines
the amounts of the original pulse width OW3. When the
original pulse width OW3 1is larger than the pulse width
threshold value W, the image data transmission circuits
130A~130D perform synchronous image data transmission
with the image data reception apparatus 120 according to the
timing of the training pattern signals TPA~TPD. When the
original pulse width OW3 1s smaller than the pulse width
threshold value W1, the image data transmission circuits
130A~130D 1dentity the shortened pulse width SW as a
noise, and determine that the 1mage data reception apparatus
120 has not lock the transmission frequency.

In an embodiment, the pulse width threshold value
described above 1s such as, but not limited to 1 millisecond
(ms). As a result, in general, the 1mage data transmission
circuits determine that the image data reception apparatus
has already locked the transmission frequency when the
pulse width of the signal transmitted from the image data
reception apparatus 1s larger than 1 ms. The image data
transmission circuits identify the pulse width as a noise, and
determine that the 1mage data reception apparatus does not
lock the transmission frequency when the pulse width of the
signal transmitted from the image data reception apparatus
1s than 1 ms.

In an embodiment, the pulse width of the output signal
OUT generated by the lock confirmation circuit 140 can be
far larger than the pulse width threshold value W', instead
of being slightly larger than the pulse width threshold value
WT illustrated in FIG. 2A or FIG. 2C. However, once the
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image data transmission circuits 130A~130D determine that
the pulse width of the output signal OUT generated by the

lock confirmation circuit 140 (e.g. the lengthened pulse
width EW 1n FIG. 2A and the orniginal pulse width OW3 1n
FIG. 2C) 1s larger than the pulse width threshold value WT,
the 1image data transmission circuits 130A~130D can deter-
mine that the image data reception apparatus 120 already
locks the transmission frequency according to the training
pattern signals TPA~TPD.

In some approaches, when the pulse width of the signal
transmitted from the 1image data reception apparatus closely
approximated to the pulse width threshold value (e.g. 1 ms),
different 1mage data transmission circuits may generate
various determination results. A part of the image data
transmission circuits may determine that the image data
reception apparatus already locks the transmission 1re-
quency, while the other part of the 1mage data transmission
circuits determine that the image data reception apparatus
does not lock the transmission frequency. Such a condition
does not allow the image data transmission circuits to
establish correct data transmission with the image data
reception apparatus.

The 1mage data transmission apparatus having the syn-
chronous data transmission mechamsm can perform deter-
mination on the pulse width of the original signal transmuit-
ted from the 1mage data reception apparatus by disposing the
lock confirmation circuit. Some specific pulse widths that
may result in different determination results can be adjusted
to prevent the influence of noises, such that the image data
transmission circuits can reach 1identical determination
results. Then, the image data transmission apparatus can
establish synchronous data transmission with the image data
reception apparatus accurately.

It 1s appreciated that the embodiments described above
uses the condition that the lock confirmation circuit 140 1s
disposed in the 1mage data transmission circuits 130A as an
example. In other embodiments, the lock confirmation cir-
cuit 140 can be disposed in one of the other image data
transmission circuits 130B~130D, or can be disposed inde-
pendently outside of the image data transmission circuits
130A~130D.

It 1s appreciated that in the above embodiments, the

number of the image data transmission circuits 130A~130D

1s merely an example. In other embodiments, the number of

the 1mage data transmission circuits 130A~130D can be
different depending on the design requirement of the image
data reception apparatus 120.

It 1s appreciated that 1n the embodiments in FIG. 2A~FIG.
2C, each of the pulse widths of the orniginal signal OLO
received by the lock confirmation circuit 140 and the output
signal OUT generated by the lock confirmation circuit 140
1s defined based on a positive pulse. More specifically, the
pulse width 1s defined by duration of a signal from a rising
edge to a falling edge. In other embodiments, each of the
pulse widths of the original signal OLO received by the lock
confirmation circuit 140 and the output signal OUT gener-
ated by the lock confirmation circuit 140 can be defined
based on a negative pulse. More specifically, the pulse width
1s defined by duration of a signal from a falling edge to a
rising edge.

Reference 1s now made to FIG. 3. FIG. 3 illustrates a flow
chart of an i1mage data transmission method 300 having
synchronous data transmission mechanism according to an
embodiment of the present invention.

Besides the apparatus described above, the present inven-
tion further discloses the image data transmission method
300 that can be used 1n such as, but not limited to the image
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8

data transmission apparatus 110 included in the image
display system 100 illustrated in FIG. 1. An embodiment of
the image data transmission method 300 1s illustrated 1n FIG.
3 and includes the steps outlined below.

In step S310, the training pattern signal, e.g. the training
pattern signals TPA~TPD, 1s transmitted to the image data
reception apparatus 120 by each of the image data trans-
mission circuits 130A~130D such that the lock confirmation
circuit 140 receives the original signal OLO having the
original pulse width from the image data reception apparatus
120.

In step S320, whether the diflerence between the original
pulse width and the pulse width threshold value 1s smaller
than the predetermined value 1s determined by the lock
confirmation circuit 140.

In step S330, when the diflerence between the original
pulse width and the pulse width threshold value 1s smaller
than the predetermined value, the lock confirmation circuit
130 further determines whether the original pulse width 1s
not smaller than the pulse width threshold value.

In step S340, when the original pulse width 1s not smaller
than the pulse width threshold value, the output pulse width
of the output signal OUT generated by the lock confirmation
circuit 140 1s set to be the lengthened pulse width. The
difference between the lengthened pulse width and the pulse
width threshold value 1s not smaller than the predetermined
value, and the lengthened pulse width 1s larger than the
original pulse width.

In step S350, when the original pulse width 1s smaller than
the pulse width threshold value, the output pulse width of the
output signal OUT generated by the lock confirmation
circuit 140 1s set to be the shortened pulse width. The
difference between the shortened pulse width and the pulse
width threshold value 1s not smaller than the predetermined
value, and the shortened pulse width 1s smaller than the
original pulse width.

In step S360, when the lock confirmation circuit 140
determines that the difference between the original pulse
width and the pulse width threshold value 1s not smaller than
the predetermined value 1n step S320, the output pulse width
of the output signal OUT generated by the lock confirmation
circuit 140 1s set to be the original pulse width.

In step S370, after the lock confirmation circuit 140
generates the output signal OUT 1n steps S340, S350 or
S360, the image data transmission circuits 130A~130D
determine whether the output pulse width of the output
signal OUT 1s larger than the pulse width threshold value.

In step S380, when the image data transmission circuits
130A~130D determine that the output pulse width of the
output signal OUT 1s larger than the pulse width threshold
value, the 1mage data transmission circuits 130A~130D
determine that the image data reception apparatus 120
already locks the transmission frequency according to the
training pattern signal TPA~TPD and perform the synchro-
nous 1image data transmission with the 1mage data reception
apparatus 120 according to the timing of the training pattern
signal TPA~TPD.

In step S390, when the 1mage data transmission circuits
130A~130D determine that the output pulse width of the
output signal OUT 1s smaller than the pulse width threshold
value, the 1mage data transmission circuits 130A~130D
determine that the image data reception apparatus 120 does
not lock the transmission frequency according to the training,
pattern signal TPA~TPD.

It 1s appreciated that the embodiments described above
are merely an example. In other embodiments, 1t should be
appreciated that many modifications and changes may be
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made by those of ordinary skill in the art without departing,
from the spirit of the mvention.

In summary, the image display system and the 1mage data
transmission apparatus and method thereot having synchro-
nous data transmission mechanism of the present invention
can perform determination on the pulse width of the original
signal transmitted from the image data reception apparatus
accurately to establish synchronous data transmission with
the 1mage data reception apparatus.

The aforementioned descriptions represent merely the
preferred embodiments of the present invention, without any
intention to limit the scope of the present invention thereto.
Various equivalent changes, alterations, or modifications
based on the claims of present invention are all consequently
viewed as being embraced by the scope of the present
invention.

What 1s claimed 1s:

1. An image data transmission apparatus having synchro-
nous data transmission mechanism, comprising:

a plurality of 1mage data transmission circuits, each
configured to transmit a training pattern signal to an
image data reception apparatus; and

a lock confirmation circuit configured to receive an origi-
nal signal having an original pulse width from the
image data reception apparatus, to generate an output
signal, such that each of the image data transmission
circuits 1s further configured to determine that the
image data reception apparatus already locks a trans-
mission Irequency according to the training pattern
signal when an output pulse width of the output signal
1s larger than a pulse width threshold value, and to
perform a synchronous image data transmission with
the 1mage data reception apparatus according to a
timing of the traiming pattern signal;

wherein when a difference between the original pulse
width and the pulse width threshold value 1s smaller
than a predetermined value, and the original pulse
width 1s not smaller than the pulse width threshold
value, the lock confirmation circuit sets the output
pulse width of the output signal to be a lengthened
pulse width, wherein the difference between the length-
ened pulse width and the pulse width threshold value 1s
not smaller than the predetermined value and the
lengthened pulse width 1s larger than the original pulse
width;

when the difference between the original pulse width and
the pulse width threshold value 1s smaller than the
predetermined value, and the original pulse width 1s
smaller than the pulse width threshold value, the lock
confirmation circuit sets the output pulse width of the
output signal to be a shortened pulse width, wherein the
difference between the shortened pulse width and the
pulse width threshold value 1s not smaller than the
predetermined value and the shortened pulse width 1s
smaller than the original pulse width.

2. The image data transmission apparatus of claim 1,
wherein each of the image data transmission circuits 1s
configured to determine that the image data reception appa-
ratus does not lock the transmission frequency according to
the training pattern signal when the output pulse width 1s
smaller than the pulse width threshold value.

3. The image data transmission apparatus of claim 1,
wherein when the difference between the original pulse
width and the pulse width threshold value 1s not smaller than
the predetermined value, the lock confirmation circuit sets
the output pulse width of the output signal as the original
pulse width.
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4. The image data transmission apparatus of claim 1,
wherein the lock confirmation circuit 1s disposed 1indepen-
dently outside of the image data transmission circuits.

5. The image data transmission apparatus of claim 1,
wherein the lock confirmation circuit 1s disposed 1n one of
the 1mage data transmission circuits.

6. The image data transmission apparatus of claim 1,
wherein the image data reception apparatus 1s a display
panel of an 1image display system, the 1image data transmis-
s1on circuits are configured to transmit a plurality pieces of
image data each corresponding to one of a plurality of
display areas of the display panel.

7. An 1image display system, comprising:

an 1mage data reception apparatus; and

an 1mage data transmission apparatus, comprising:

a plurality of image data transmission circuits, each
configured to transmit a training pattern signal to the
image data reception apparatus; and

a lock confirmation circuit configured to receive an
original signal having an original pulse width from
the 1mage data reception apparatus, to generate an
output signal according to a relation between the
original pulse width and a pulse width threshold
value, such that each of the image data transmission
circuits 1s further configured to determine that the
1image data reception apparatus already locks a trans-
mission frequency according to the training pattern
signal when an output pulse width of the output
signal 1s larger than the pulse width threshold value,
and to perform a synchronous 1mage data transmis-
sion with the image data reception apparatus accord-
ing to a timing of the training pattern signal;

wherein when a difference between the original pulse

width and the pulse width threshold value 1s smaller
than a predetermined value, and the original pulse
width 1s not smaller than the pulse width threshold
value, the lock confirmation circuit sets the output
pulse width of the output signal to be a lengthened

pul 1T

se width, wherein the difference between the length-
ened pulse width and the pulse width threshold value 1s
not smaller than the predetermined value and the
lengthened pulse width 1s larger than the original pulse
width;

when the difference between the original pulse width and

the pulse width threshold value 1s smaller than the
predetermined value, and the original pulse width 1s
smaller than the pulse width threshold value, the lock
confirmation circuit sets the output pulse width of the
output signal to be a shortened pulse width, wherein the
difference between the shortened pulse width and the
pulse width threshold value 1s not smaller than the
predetermined value and the shortened pulse width 1s
smaller than the original pulse width.

8. The image display system of claim 7, wherein each of
the 1mage data transmission circuits 1s configured to deter-
mine that the image data reception apparatus does not lock
the transmission frequency according to the training pattern
signal when the output pulse width 1s smaller than the pulse
width threshold value.

9. The image display system of claim 7, wherein when the
difference between the original pulse width and the pulse
width threshold value 1s not smaller than the predetermined
value, the lock confirmation circuit sets the output pulse
width of the output signal as the original pulse width.

10. The image display system of claim 7, wherein the lock
confirmation circuit 1s disposed independently outside of the
image data transmission circuits.
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11. The image display system of claim 7, wherein the lock
confirmation circuit 1s disposed 1n one of the image data
transmission circuits.

12. The image display system of claim 7, wherein the
image data reception apparatus 1s a display panel of the
image display system, the 1mage data transmission circuits
are configured to transmit a plurality pieces of 1image data
cach corresponding to one of a plurality of display areas of
the display panel.

13. An 1mage data transmission method having synchro-
nous data transmission mechanism used 1n an 1mage data
transmission apparatus, comprising:

transmitting a training pattern signal to an image data

reception apparatus by each of a plurality of image data
transmission circuits;

receiving an original signal having an original pulse width

from the image data reception apparatus by a lock
confirmation circuit;

determining whether a diflerence between the original

pulse width and a pulse width threshold value 1s smaller
than a predetermined value by the lock confirmation
circuit, to generate an output signal having an output
pulse width accordingly;

when the difference between the original pulse width and

the pulse width threshold value 1s smaller than a
predetermined value, and the original pulse width 1s not
smaller than the pulse width threshold value, setting the
output pulse width of the output signal to be a length-
ened pulse width by the lock confirmation circuit,
wherein the difference between the lengthened pulse
width and the pulse width threshold value 1s not smaller
than the predetermined value and the lengthened pulse
width 1s larger than the original pulse width;

when the difference between the original pulse width and

the pulse width threshold value 1s smaller than the
predetermined value, and the original pulse width 1s
smaller than the pulse width threshold value, setting the
output pulse width of the output signal to be a shortened
pulse width by the lock confirmation circuit, wherein
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the difference between the shortened pulse width and
the pulse width threshold value 1s not smaller than the
predetermined value and the shortened pulse width 1s
smaller than the original pulse width;

determining that the image data reception apparatus

already locks a transmission frequency according to the
training pattern signal by each of the image data
transmission circuits when the output pulse width of the
output signal 1s larger than the pulse width threshold
value, and performing a synchronous 1image data trans-
mission with the image data reception apparatus
according to a timing of the training pattern signal.

14. The image data transmission method of claim 13,
further comprising;:

determining that the 1image data reception apparatus does

not lock the transmission frequency according to the
training pattern signal by each of the image data
transmission circuits when the output pulse width 1s
smaller than the pulse width threshold value.

15. The image data transmission method of claim 13,
further comprising:

when the difference between the original pulse width and

the pulse width threshold value 1s not smaller than the
predetermined value, setting the output pulse width of
the output signal as the original pulse width by the lock
confirmation circuit.

16. The image data transmission method of claim 13,
wherein the lock confirmation circuit 1s disposed indepen-
dently outside of the image data transmission circuits.

17. The image data transmission method of claim 13,
wherein the lock confirmation circuit 1s disposed 1n one of
the 1mage data transmission circuits.

18. The image data transmission method of claim 13,
wherein the 1mage data reception apparatus 1s a display
panel of an 1mage display system, the image data transmis-
s1on circuits are configured to transmit a plurality pieces of
image data each corresponding to one of a plurality of
display areas of the display panel.
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